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(54) System and method for transmission and noise power control in wireless communications 



(57) Each gain control amplifier 3 adjusts the trans- 
mission power of the transmit signals directed to each 
user according to the power control signal. Gaussian 
noise generator 4 generates Gaussian noise. Noise 
power control section 6 controls gain control amplifier 5 



based on the power control signal to each user and total 
power control signal and adjusts the transmission power 
of the Gaussian noise so that the summation of the 
transmission power may be kept constant. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to wireless communi- 
cation systems used for car telephones and portable tel- 
ephones, etc. and their methods. 

Related Art 

Wireless communication systems such as car tele- 
phones and portable telephones are based on a multi- 
ple access system in which communications are 
performed simultaneously between one base station 
and multiple users (mobile stations). Recently, the 
CDMA (Code Division Multiple Access) system, which 
allows efficient use of frequencies, is used as this multi- 
ple access system. 

The transmission block of a conventional CDMA 
system base station (hereafter simply referred to as 
"base station") is described below using a block dia- 
gram in FIG.1. As shown in FIG.1, a conventional base 
station has spread modulation section 101 which 
spreads the transmit data to be transmitted to each user 
using a spread code assigned to each user, quadrature 
modulator 102 which quadrature-modulates the spread- 
ing transmit data, and gain control amplifier 103 which 
adjusts the transmission power of the quadrature-mod- 
ulated transmit signals which is modulated according to 
a power control signal. The conventional base station 
also has adder circuit 1 04 which adds each transmit sig- 
nals whose transmission power has been amplified 
mixer 105 which multiplies the added transmit signals 
by a local frequency and modulates it into a radio fre- 
quency band, amplifier 106 which amplifies the trans- 
mission power of the transmit signals modulated into 
the radio frequency band by a constant amplification 
factor, and antenna 107 which transmits the transmit 
signals. 

The flow of the transmit data/signals at the conven- 
tional base station is described below: Transmit data A 
directed to user A is spreading using a spread code 
assigned to user A by spread modulation section 101a 
and quadrature-modulated by quadrature modulator 
102a. The transmission power of transmit signals A is 
adjusted by gain control amplifier 103a based on a 
power control signal. The transmit signals of other users 
is each spreading, quadrature-modulated and its trans- 
mission power adjusted in the like manner. Each user's 
transmit signals whose transmission power has been 
adjusted is added by adder circuit 104, modulated into a 
radio frequency band by mixer 105, with the transmis- 
sion power amplified by amplifier 106 by a constant 
amplification factor, and transmitted by radio throuah 
antenna 107. 

Each user receives the signals transmitted from the 



base station and after converting the frequency of the 
receive signals, inversely spreads it using an assigned 
spread code to extract the data transmitted from the 
base station directed to the mobile station. In this 
5 inverse spreading process, the transmit signals of other 
channels directed to other stations acts as noise. Each 
user indicates the base station the transmission power 
of the next transmit data directed to the station based on 
an S/l ratio which is the ratio of the transmission power 
w of the receive data directed to the station to the trans- 
mission power of interference (noise). 

At this point, when some users perform burst trans- 
missions capable of transmitting a large volume of data 
the conventional base station has the problem of trans- 
is mit errors caused by an instantaneous variation of the 
S/l ratio, resulting in a deterioration of the quality of 
communications by the other users. 
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SUMMARY OF THE INVENTION 



It is an objective of the present invention to provide 
a wireless communication system and its method in the 
case that some users perform burst transmissions, to 
stabilize the quality of communications with other users 
25 The present invention achieves the above objective 
by providing a wireless communication system and its 
method which keeps the S/l ratio constant by generating 
noise so that the summation of the transmission power 
may be kept constant, thus preventing transmit errors in 
30 burst transmissions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a block diagram of the transmit block of a 
35 conventional CDMA system base station; 

FIG.2 is a block diagram of the transmit block of the 
CDMA system base station in Embodiment 1 of the 
present invention; 

FIG.3 is a graph showing time variations of the 
40 transmission power of the transmit data directed to each 
user transmitted from the CDMA system base station in 
Embodiment 1 of the present invention; 

FIG.4 is a block diagram of the transmit block of the 
he CDMA system base station in Embodiment 1 of the 
45 present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The actual embodiments of the present invention 
so are detailed below with reference to figures. 

(Embodiment 1) 



In Embodiment 1, a wireless communication sys- 
55 tern and its method which keeps the summation of the 
transmission power of the transmit signals constant by 
controlling the transmission power of noise generated is 
explained. 
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FIG.2 is a block diagram of the transmit block of the 
CDMA system base station (hereafter simply referred to 
as "base station") in Embodiment 1 . As shown in FIG.2, 
the base station in Embodiment 1 has spread modula- 
tion section 1 which spreads the transmit data to be 5 
transmitted to each user using a spread code assigned 
to each user, quadrature modulator 2 which quadrature- 
modulates the spreading transmit data, and gain control 
amplifier 3 which adjusts the transmission power of the 
quadrature-modulated transmit signals according to a w 
power control signal. Furthermore, the base station in 
Embodiment 1 has Gaussian noise generator 4 which 
generates Gaussian noi^e, gain control amplifier 5 
which adjusts the transmission power of Gaussian 
noise, noise power control section 6 which controls gain 15 
control amplifier 5 based on the power control signal to 
each user and a total power control signal, and adder 
circuit 7 which adds each transmit signals whose trans- 
mission power has been amplified and the Gaussian 
noise generated. The transmit signals and Gaussian 2 o 
noise added by adder circuit 7 is hereafter referred to as 
"multiplex signals." 

Furthermore, the base station in Embodiment 1 has 
mixer 8 which multiplies the multiplex signals by a local 
frequency and modulates it into a radio frequency band. 25 
amplifier 9 which amplifies the transmission power of 
the multiplex signals modulated into the radio frequency 
band by a constant amplification factor, and antenna 10 
which transmits the multiplex signals by radio. 

The flow of the transmit data at the base station of 30 
Embodiment 1 is described below: 
Transmit data A directed to user A is spread using a 
spread code assigned to user A by spread modulation 
section 1a and quadrature-modulated by quadrature 
modulator 2a. The transmission power of transmit sig- 35 
nals A is then adjusted by gain control amplifier 3a 
based on a power control signal. The transmit data 
directed to other users is also each spread, quadrature- 
modulated, and its transmission power adjusted in the 
like manner. Gaussian noise is generated by Gaussian 40 
noise generator 4 and the transmission power of Gaus- 
sian noise is adjusted by gain control amplifier 5 through 
control of noise power control section 6. 

Then, each transmit signals whose transmission 
power has been adjusted and the Gaussian noise are 45 
added by adder circuit 7, modulated into a radio fre- 
quency band by mixer 8, with the transmission power 
amplified by a constant amplification factor by amplifier 
9, and transmitted by radio from antenna 10. 

Each user receives the signals transmitted from the so 
base station and after converting the frequency of the 
receive signals, inversely spreads it using an assigned 
spread code to extract the signal directed to the mobile 
station. In this inverse spreading process, the transmit 
data transmitted from the base station of other channels 55 
directed to other stations acts as noise. Each user indi- 
cates the base station the transmission power of the 
next transmit signals directed to the station based on an 



S/l ratio which is the ratio of the transmission power of 
the receive signals directed to the station to that of inter- 
ference (noise). 

Then, the control performed by noise power control 
section 6 is explained in detail using FIG.3. FIG.3 is a 
graph showing a time variation of the transmission 
power of the transmit signals directed to each user 
transmitted from the base station in Embodiment 1 . In 
FIG.3, the horizontal axis represents the time and the 
vertical axis represents the summation of the transmis- 
sion power of the base station transmit signals including 
Gaussian noise. In FIG.3, two stations are communicat- 
ing with the base station; user A and user 6. The base 
station transmits to user A with a constant transmission 
power, while performing burst transmission whose 
transmission power changes drastically to user B. 

Noise power control section 6 inputs a power con- 
trol signal and calculates the transmission power of the 
Gaussian noise by subtracting the transmission power 
of each transmit signals being transmitted from the total 
power. It then controls gain control amplifier 5 based on 
the calculation result. That is, it adds the Gaussian 
noise (hatched area in the figure) to the transmission 
power of transmit signals B (the white area) so that the 
summation of the transmission power P may be kept 
constant with respect to time T in FIG.3. 

The summation of the transmission power is deter- 
mined by the capacity of the base station or by the cell 
range of the base station in the communication system. 

Thus, adding the Gaussian noise to the transmit 
signals to each user keeps the summation of the trans- 
mission power of the transmit signals transmitted from 
the base station constant, which keeps the S/l ratio of 
the receive signals for user A constant, resulting in sta- 
bilization of the quality of communications. Since the 
Gaussian noise is orthogonal to the transmit signals 
directed to other users, it is completely eliminated 
through inverse spreading on the receiving side. 

(Embodiment 2) 

In Embodiment 2, a wireless communication sys- 
tem and its method which keeps the summation of the 
transmission power of the transmit signals and noise 
constant while minimizing the transmission power of 
noise generated is explained below. 

FIG.4 is a block diagram of the transmit block of the 
base station in Embodiment 2. The areas common to 
FIG.2 are marked with identical signs and their explana- 
tions are omitted. In FIG. 2, noise power control section 
20 inputs the power control signal to each user and the 
summation of the maximum power of each user channel 
stored in memory to date which is not illustrated in fig- 
ures (hereafter referred to as "maximum power value") 
and calculates the transmission power of Gaussian 
noise by subtracting the total power of all users 
engaged in communication from the maximum power 
value. Noise power control section 20 controls gain con- 
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caseSfth 6 baS6d ° n the Ca,cu,ation resuft - «. 

pSertns Sf o rf ?K SUmmat, '° n ° f the emission 
power falls short of the maximum power value the 

shortage ,s complemented by Gaussian noiselL ng 

PresS toST PCWBr ° f GaUSSia " n0ise to be ^ 
pressed to the necessary minimum. 

Normalizing section 21 normalized the transmit 

ci'rc n uimo 1,16 mUH, ' P,eX Si9na,s ^orn aS 
c cu.t 7 to the maximum power value and outputs it to a 

quadrature modulator for all channels 22 The Quadra 
ure m^ , mo for g|| ^ ^-dra- 

lates the normalized transmit data for all channels and 
outputs it to gain control amplifier 23 cnanne,s and 

now?,!? th 0 ? 0 ' amP ' ifier 23 COntro,s me transmission 
ST the * ansrnrt si 9™'s quadrature-modulated for 

oltoSf ^ ° n the t0tal con ™ -SnaTand 
ofTe?^ m ' Xer f • ™" a " OWS the ^missioT, power 

imum power value changes 

EnJS* fl °^ « thS tranSmit date at ba^ station in 
Embod-rnent 2 is explained below. Transmit date a 
directed to user A is spread by spread modulation S6 c 
t on 1a usmg a spread code assigned to user A T^e 
transm lsslon power of transmit signals A is adjusted by 

E£T 33 aCC ° rdin9 t0 the P^Srd 

signal. The transmrt data directed to other users is a Lo 

El££ T te1ranSmission —r adiustl inte 
sfen^T aUSS ' an noise is 9 a "erated from Gaus- 
the cZZl 96nerat0r 4 and the <ra ^mis 9 on powe^f 
fl? T" n °' Se i$ adjusted b * aain control amplifier 
5 through control of noise power control sectfon 20 
Each transmrt signals and Gaussian noise whose £ans- 
m.ss.on power has been adjusted are added ^ aSer 
circuit 7 and normalized by normalizing section 21 ^ e 
normahzed multiplex signals is quadrature^oduialS 

nto a rad,o frequency band by mixer 8 and after 2 

fonTcS°bvT er ; sampWied by a «^K55i 

antenna 10* ^ * tranSmitted * radi ° *™ 
Thus, adding the Gaussian noise to the transmit 
data to each user keeps the summation o?tne trSsTs 
s-on , power of the fransmit sjgna|s Uansmm ^™™ 
base station constant, which keeps the S/l ratio of th! 
receive data for user A constant stebiStngle ^rty 0 f 

sran power of the Gaussian noise the difference 
between the maximum power value and ihe S 
summation of the transmission power a^ws ^e trans 
m,ss,on power of the Gaussian noise to be 
to the necessary minimum. wresseo 
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noise generating means (4) for generating 
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noise; 

^h^T* COntr °" in9 means < 6 > for carol- 
ing he transmission power of said noise so 

that the summation of the transmission power 

of each user channel and said noise may be 

kept constant. ' 

The wireless communication base station appara- 
fos accordmg to claim 1, wherein said noise power 

£w£ of LT^ (6) COntr0 ' S *» ^mLion 
tran?mi« n °' Se 80 mt the Nation of the 
fransmission power of each user channel and noise 
may oe equal to the total power. -"o no.se 

A wireless communication base station apparatus 
comprising: waimw, 

noise generating means (12) for generating 

nofee power controlling means (20) for control- 
ing the transmission power of said noise so 
that the summation of the transmission power 
of each user channel and said noise may be 
kept constant; y 
adding means (7) for adding the transmit sig- 
nals of each user channel and said noise to 
generate multiplex signals- 
normalizing means (21) for normalizing said 
multiplex signals; 

power controlling means (23) for controlling the 
S S S°s n POW6r " Sa,d 

>• The wireless communication base station system 
according to claim 3. wherein said noise p^o n 
frotong means (20) control the transmission po^er 
of said noise so that the summation of the trarW 
^ ^ ^ and --^y Te 
each user channel to date. 

The wireless communication base station system 
according to claims, whereinsaid noise powe^con 

E5£T p ex 5,9,18,8 may be to •» 

wir22f e oo a,i0n aPParatUS ™™icato6 with a 
w-reless communication base station apparatus 

noise generating means (4) for g enerat)n g 

noise power controlling means (6) for control- 
hat !£ transm,ssion P° w er of said noise so 
that the summation of the transmission power 
of each user channel and said noise may be 
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kept constant. 

7. A mobile station apparatus communicates with a 
wireless communication base station apparatus, 

the wireless communication base station apparatus 5 
comprising: 

noise generating means (12) for generating 
noise; 

noise power controlling means (20) for control- 10 
ling the transmission power of said noise so 
that the summation of the transmission power 
of each user channel and said noise may be 
kept constant; 

adding means (7) for adding the transmit sig- is 
nals of each user channel and said noise to 
generate multiplex signals; 
normalizing means (21) for normalizing said 
multiplex signals; 

power controlling means (23) for controlling the 20 
transmission power of said normalized multi- 
plex signals. 

8. A wireless communication method, comprising the 
steps of: 25 

generating noise; 

controlling the transmission power of said 
noise so that the summation of the transmis- 
sion power of each user channel and said 30 
noise may be kept constant. 

9. The wireless communication method according to 
claim 8, wherein the step of controlling the trans- 
mission power of noise controls the transmission 35 
power of noise so that the summation of the trans- 
mission power of each user channel and noise may 

be equal to the total power. 

1 0. A wireless communication method, comprising the 40 
steps of: 

generating noise; 

controlling the transmission power of said 
noise so that the summation of the transmis- 45 
sion power of each user channel and said 
noise may be kept constant; 
generating multiplex signals by adding the 
transmit signals of each user channel and said 
noise; so 
normalizing said multiplex signals; 
controlling the transmission power of said nor- 
malized multiplex signals. 

1 1 . The wireless communication method according to 55 
claim 10, wherein the step of controlling the trans- 
mission power of noise controls the transmission 
power of noise so that the summation of the trans- 



mission power of each user channel and noise may 
be equal to the summation of the maximum power 
to date. 

12. The wireless communication method according to 
claim 10, wherein the step of controlling the trans- 
mission power of the multiplex signals controls so 
that the transmission power of the multiplex signals 
may be equal to the total power. 
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(54) System and method for transmission and noise power control in wireless communications 



(57) Each gain control amplifier 3 adjusts the trans- 
mission power of the transmit signals directed to each 
user according to the power control signal. Gaussian 
noise generator 4 generates Gaussian noise. Noise 
power control section 6 controls gain control amplifier 5 



based on the power control signal to each user and total 
power control signal and adjusts the transmission power 
of the Gaussian noise so that the summation of the 
transmission power may be kept constant. 
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